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INTRODUCTION

The conformal carriage program is the natural product of years of
experience in configuration studies, wind tunnel investigations, weapcn
development, and weapon handling studies, culminating in the design and
tlight test of an F-4B conformal carriage feasibility, prototype. The
flight test results obtained during tests of the feasibility prototype
verified the performance gains indicated by theoretical and wind tunnel
studies. Maintenance considerations were not preeminent in the design
since the aircraft was to be retired after the flight test program and
neither time nor funds permitted designing for optimal maintenance
access. Figure 1 depicts the historical background of the conformal

carriage program leading to the preliminary design study recently com-
pleted and described in this document.

The objective of the preliminary design study was to define an
F-4B/J conformal carriage which could be used effectively in an opera-
tional environment with a minimal impact upon aircraft maintenance and
service. An additional objective was to develop any ejector require-
ments special to conformal carriage installations.

All results to date indicate the feasibility of a fleet modifica-
tion program and an enhanced tactical capability such a program would
provide. The development plan leading to combat readiness status of
the F-4B/J conformal carriage on July 1, 1977 is shown in Figure 2.
Should international conditions require advancing the I0C, the R.D.T.&E
flight test program could overlap the production program as much as
eight months. Thus the earliest IOC for the system could be 12/1/76.

SUMMARY

The study results indicate the F-4B/J conformal carriage aircraft
can be operated and maintained aboard CVA class carriers with only
minor changes required in F-4B/J maintenance and servicing procedures.

The package loading system conceived permits unit loading of three
preloaded weapon bays or of three rows of weapons prearranged on bomb
skids. The builtin hoisting mechanism devised for each weapon bay can
be operated with any external power source.

A weapon list compatible with the F-4B/J conformal carriage has
been developed and is included as Tables 1 and 2. Configurations
developed for these weapons are included as Figures 3 through 36. The
ejector matrix and structural arrangement requisite to carriage of
these weapon configurations are included as Figures 41, 42, and 43,

Functional characteristics desirable for ejectors in conformal
carriage installations have been defined.
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Two conformal carriage configurations have been developed. One
configuration includes two permanently installed GAU-9A 30 mm guns with
associated ammunition storage. An alternate configuration contains
modular ECM and Pave Spike equipment in the fwd fairing and provision
is made for installation of the GAU-9 30 mm gun pod. This latter con-
figuration i8 recommended for an R.D.T.&E. progrem.

The removable aft fairing of the conformal carriage is recommended
for use as chaff and flare dispensers and also for storage and release
of other passive defensive devices.

The detailed engineering plan for a Research, Development, Test,
and Evaluation program is included as part of Figure 2.

AIRCRAFT IDENTIFICATION

The candidate aircraft chosen for this investigation were the F-4J
and the F-4B after modification to the F-4N configuration. Configura-
tion differences between the F-4J and F-4N are not considered critical
in conformal carriage design or installation.

WEAPON LOADS

At the start of this study NWC provided a desired weapon 1list which
was used in developing an initial configuration. To the NWC weapon list
were added weapons found compatible with conformal carriage installa-
tions during performance of a parallel USAF contract. Thus the weapon
1list given in Table 1 contains not only those weapons initially identi-
fied by NWC but also several additional weapons. Included in Table 1
are the quantities of each weapon requested by NWC and shown feasible
during the preliminary design study. Only physical fitment was
considered.

Figures 3 through 21 illustrate uniform load weapon configurations
which can be carried on a conformal carriage containing internal GAU-9A
guns, Figures 22 through 27 depict six mixed loads compatible with the
conformal carriage gun installation.

The installation of GAU-9A guns and associated ammunition storage
containers requires a deeper conformal carriage configuration which
changes the relationship of external stores and the catapult bridle.
In some cases stores which would be hit by the catapult bridle if the
conformal carriage were deep enough to contain the GAU-9A guns would
not be affected by the bridle were the conformal carriage only deep
enough for the weapon ejectors. The external stores so affected are
listed in Table 2.
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The conformal carriage installation can be more versatile if the
GAU-9A 30-mm gun is carried as an external pod instead of internally,

The GAU-9 gun pod resembles the existing MK-4 gun pod and could be
carried at the centerline 30-inch weapon ejector position. Maintenance
of gun boresight pointing could be assured by pod sway brace supports
at the forward and aft end of the pod.

Gun cavity purging in the pod mounted installation is much less
complicated than that required by interpal GAU-9A installations, and

accidental explosion of gun gases in the pod would not be a hazard to
aircraft structural integrity.

The difference in conformal carriage depth between a conformal
carriage containing GAU-9A guns and one not containing these guns 1is
such that some weapons can not be carried on the outboard fwd stations
of the deeper conformal carriage because of catapult bridle inter-
ference.

The reduced complexity and increased weapon load capability cou-
Pled with increased system versatility provided by the shallower
conformal carriage are considered sufficient justification for recom-

mending an R.D.T.&E. program with the 30-mm gun mounted as a removable
external pod.

Weapon configurations illustrating the increased weapon load
capability provided by the shallower conformal carriage are shown in
Figures 28 through 36.

e el LRl ik e
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Table 1. F-4B/J Conformal Carriage External Stores

STORE

QUANTITY INSTALLED

NWC

DESIRED

REQUIRED

FEASIBLE

ROCKEYE II
APAM
MK-82-GP/SE
MK-83-GP/SE
MK-84-GP/SE
CBU-72 (HSFAE)
MK-77
MK-82LGB
MK-83LGB
MK-84LGB
CTUA

HARM
LAU-69
LAU-10
SUU-40
SUU-44
CBU-58
CBU-38

ASP
SUU-25C/A
SUU-51

B-57

MK-84 EOGB
AGM-65
B-43, B-61

12
12
12

(=]

-

l apsadpanmanmanal

I NNNNN=S a2 aaN | WO OO

- b= WO L= N0LdWWW==WoaWwwm

Table 2. F-4B/J Conformal Carriage External Stores Trade Study

QUANTITY INSTALLED
STORE WITH INTERNAL GAU-9A WITHOUT INTERNAL GAU-9A
(FROM TABLE 1)
MK-84LGB 1 3
: MK-84EOGB 1 2
MK-77 6 8
SUU-51 6 8
MK-82LGB 5 6
ASP 6 8
CBU-72 (HSFAE) 3 5
GAU-9 POD - 1

NOTE: STORES SHOWN ARE THOSE AFFECTED BY THE INTERNAL GAU-9A
INSTALLATION. ALL OTHER STORES AND QUANTITIES IN TABLE 1
CAN BE CARRIED WITH OR WITHOUT INTERNAL GAU-9A INSTALLATION.
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CONFIGURATION

An objective of this study was integration of weapons, suspension
system and aircraft to produce a configuration with maximum performance
both as a bomber and as a fighter. The aircraft structural arrangement
and maintenance access requirements limited the configuration alterna-
tives available, the large number of weapon types and load mixes
required necessitated a complex weapon mounting matrix, and aerodynamic
drag considerations tended to require as small a conformal carriage
as possible. It was therefore mandatory that all constraints be
simultaneously considered so that the compromises between conflicting
requirements could be most easily developed.

The feasibility of integrating modular ECM components within the
conformal carriage volume instead of the GAU-9A guns was investigated
near the end of the study. The ECM model chosen as typical of this
equipment was the ALQ-131 which is composed of several modules
5.3 x 9.0 x 42 inches with one 9.0 x 42 inch side against a cold plate
serving as a heat sink for the electronic elements. Figure 36 illus-
trates a possible method of integrating four full modules within the
forward missile wells. Antenna placement etc was not examined since
such work was considered beyond the contract scope. The volume
required for storage of these components is such that the conformal
carriage depth can be reduced from that required for GAU-9A gun
installation.

AEROLYNAMIC SHAPE

Although study of ECM equipment integration was not required, the
preliminary data indicated such a total system integration offered
large performance gains. Therefore two alternative conformal carriage
shapes were developed. The thicker conformal carriage was developed
for the GAU-9A gun installation and is shown in Figure 39, while the
thinner conformal carriage shown in Figure 40 provides sufficient volume
for the ECM equipment only.

The feasibility prototype conformal carriage width was adopted as
an initial configuration because of the excellent flight test perfor-
mance exhibited by the prototype. No wind tunnel tests were scheduled
as part of this study, however, extensive tests were conducted as part
of the parallel U.S. Air Force Study.

The conformal carriage tested did not contain the GAU-9A installa-
tion and was consequently the same thickness as the flight test proto-
type. The results of these wind tunnel tests indicated subsonic per-
formance of a narrow carriage only wide enough to house the weapon
ejectors was equivalent to that of a carriage as wide as the flight
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test prototype. The supersonic performance of the narrow carriage was
superior to that of the wide carriage. The test data is summarized in
Figures 37 and 38.

The narrower conformal carriage was considered to be less complex,
less costly, lighter, and required less extensive aircraft modification
than the wide version. Therefore the narrow conformal carriage was
chosen as the recommended conformal carriage plan form shape.

The conformal carriage aft fairing as defined in Figures 39 and 40
contains approximately nine cubic feet of volume.

The shape and volume of the aft fairing could be changed if neces-
sary to accommodate chaff dispensers, decoy flare dispensers, and other
passive defensive systems without materjally affecting the aircraft per-
formance. One advantage to dispensing a decoy flare in this location is
the fact that the flare is deployed at the very location which the
incoming I.R. seeking threat is locked on., Probability of successful
decoy action is higher in this case than for the case where the flare
appears at some lateral displacement from the engine nozzles.

EJECTOR MATRIX

The ejector matrix developed for support of the weapons given in
Table 1 and 2 represents a compromise between an infinitely flexible
mounting matrix where each weapon suit is optimally carried and a very
limited mounting matrix with only a single set of weapon locations. An
infinitely flexible mounting matrix is unattainable because ejectors
have a finite width, and length, and require a supporting structure.
There is therefore a limit to how closely spaced in width ejector mount-
ing can be. There is also a limit to the length spacing if the ejector
support structure is a permanent assembly. The store stations shown in
Figure 41 illustrate the ejector mounting matrix developed to fit the
F-4B/J conformal carriage. Flexibility is achieved by moving ejectors
from one location to another as required by mission weapon loads.

Ejector utilization is summarized in Table 3.

STRUCTURAL ARRANGEMENT

The conformal carriage structure has been configured to permit
package loading of preloaded weapons bays to facilitate aircraft turn-
around. All components of the conformal carriage are quickly removable
except the fwd fairing. The structure contains cavities into which
weapon ejectors can be installed. Twenty spaces for 14 inch ejectors
are provided and three spaces for either 14 inch or 30 inch ejectors.

Each weapon bay is composed of two or more cross beams transferring
weapon inertia loads to the weapon bay attachment points; five or more
longitudinal beams supporting the weapon ejectors and transferring
weapon inertia loads from the ejectors to the cross beams; an external
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skin with stiffeners spaced at three and one-half inches to provide
resistance to panel flutter, the skin provides horizontal shear strength
to react the weapon inertia loads; two or more provisions for quickly
attaching the weapon bay to the attachment fittings on the aircraft;

and fairing panels covering the unused ejector cavities.

Each weapon bay also containg a hoisting mechanism capable of being
operated by an external power source such as; hand held drill, electric
motor, hydraulic motor, pneumatic motor, or hand operated speed wrench.
The hoisting system contains a builtin braking system to preclude
dropping the weapon bay when removing it from the aircraft.

A built in hoist system is not required in the aft fairing since

its estimated weight is only sixty pounds and it can eagily be handled
by two men.

The forward fairing contains the nose landing gear door, LOX conver-
ter door, ECM and Pave Spike equipment and maintenance access doors.
Figure 42 illustrates the structural arrangement for the conformal
carriage GAU-9A gun installation while Figure 43 depicts the recommended
configuration without the internal guns,

Moments developed by side loads acting upon the suspended weapons
are reacted by the weapon bay attachments and the sway braces in the
weapon bays. The sway braces are adjusted from outside the weapon bay
and bear against the lower surface of the aircraft.

The coaformal carriage contains two new auxiliary air doors which
move along tracks when driven by hydraulic cylinders operated by the

landing gear extension hydraulic system. The attachment fitting
installed in the aircraft center line stores ejector cavity contains a

tains a tubular guide on one side to provide alignment for the elec-
trical safety pin. The guide aligns the Pin with the ejector grounding
switches inside the center line attachment fitting.

The configuration illustrated in Figures 42 and 43 is designed for
carriage of AIM-7 missiles in stations 3 and 7 only, with the fwd
missile wells (stations 4 and 6) occupied by either the GAU-9A guns or
by ECM equipment.

CONFORMAL CARRIAGE ELECTRICAL SYSTEM

The conformal carriage electrical system will interface with the
aircraft system at the center line stores electrical connector. The
conformal carriage ground safety switch and addressing functionsg are
located within the centerline attachment fitting. The two wire
bundles leaving this fitting carry the necessary electrical data to
the center and aft weapon bays. Two methods of connection are feasible,
In one method, the wire bundle connection is located at the side of the
conformal carriage and must be manually completed with a multiple
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Jumper connector. The structural attachment latch release must inter-
face with this connector so that the connector must be removed before
the weapon bays can be removed from the aircra:it, conversely the weapon
bay latches must be locked before the connector can be installed.

This arrangement requires manual insertion of the jumper connector
after closing of the structural latch. Design of the connector and
latch control is complex because of the interactions.

The alternate system provides for automatic connection of the elec-
trical cables during the weapon bay installation and is recommended for
inclusion in the conformal carriage because of its inherent simplicity.

In this recommended method the wire bundles from the center line
attachment fitting terminate in female connectors flexibly mounted on
the attachment fitting. The male mating connectors on the weapon bays
are rigidly connected to the weapon bay structure. Cone shaped align-
ment pins move the female connector into proper alignment with the male
connector during weapon bay installation. The structural latch control
is independent of the electrical connection since the electrical con-
nector opens automatically during lowering of the weapon bay on the
builtin hoist system. A similar connection between the center and fwd
weapon bays is located on the left side of the conformal carriage near
the structural attachment fitting at F.S. 239.98.

Figure 44 illustrates such a system for the conformal carriage.

PACKAGE LOADING

The conformal carriage weapon bays can be preloaded with weapons
and transported to the aircraft position on existing bomb skids with
minimal auxiliary equipment or the weapons can be brought to the air-
craft spotting position on bomb skids and loaded onto the weapon bays.
Hoisting the loaded weapon bay into latched and locked position is
accomplished with the builtin hoist. Mounting of weapons on the weapon
bays must take place on the CVA flight deck rather than on the mess
deck because in some cases a loaded weapon bay will be too long and too
wide to maneuver on the mess deck simultaneously with other weapon
transport operations. Installation of weapon fuze and attachment of
fuze lanyards must take place after the weapons have been mounted on
the weapon bay and prior to hoisting the weapon bay into latched and
locked position. This sequence of operation is necessary because the
longitudinal separation of the weapons when the aircraft is completely
loaded is insufficient for fuze installation. The weapon lateral
separation is also insufficient for insertion of the inboard weapon
fuze lanyards into the solenoids when all four weapons in a row are
installed on the weapon bay and all the weapon bays are attached to
the aircraft.
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Table 3. Ejector Utilization

STATION WEAPCONS

15,17 MK-83GP, SE; MK-82LG8; MK-83LG8

16 MK-83GP, SE; MK-82LGB; MK-83LGB; MK-82GP, SE; CTU-1

18, 22 MK-82GP, SE; MK20-MODO; CBU-58; C8U-38; ASP; SUU-51;
MK-83GP, SE; APAM; AGM-65; LAU-61; ASP MK-83LG8
SUU-40; SUU-44; MK-77

19, 21 MK-82GP, SE; MK20-MODO; C8U-38; APAM

20 CBU-58; ASP; SUU-51; MK20-MODO; C8U-72(HSFAE);
SUU-40; SUU-44; AGM-65; MK-83LGB; MK-82GP, SE; MK-77

23, 25 MK-83GP, SE; MK-83LG8

24 MK-82GP, SE; MK-83GP, SE

26, 32 MK-82GP, SE; SUU-25 C/A; MK-82LG8

27, 3 MK20-MODO; C8U-68; CBU-38; ASP; SUU-51; MK-82GP, SE;
APAM; CBU-72(HSFAE) MK-82LGB

28, 30 MK-82GP, SE; SUU-25 C/A; MK20-MODO; APAM

29 MK20-MODO; C8U-38; MK-82LGB; APAM

33, 35 B-57; MK-.84GP, SE;
LAU-10; LAU-69; AGM-45; HARM; AGM-65; MK-84LG8

34 MK-84GP, SE; MK-83LG8; 8-57; 8-43; 8-61; LAU-10;
LAU-69; AGM-65; AGM-45; HARM; MK-84LG8: MK-84EOG8

10, 14 MK-82GP, SE; MK20-MODO; CBU-58; CBU-38; ASP, SUU-51;
APAM; CBU-72 {HSFAE); MK-77

11,13 MK-82GP, SE; MK20-MODO; C8U-38; APAM

12 C8U-58; ASP; SUU-51; AGM-65; C8U-72(HSFAE); MK-77
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Figure  37: Incremental Drag Due to Weapon Carriage System
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Figure  38: Reduced External Store Drag With Conformal Carriage
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